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[57] ABSTRACT 

An optimized design for a multi-user server architecture for 
disseminating a variety of real-time application data, such as 
audio, video, text and motion, while supporting general 
purpose tools. A general server system without an imposed 
GUI enables the end purchaser to customize the user inter- 
face as well as execute tools to monitor and control the 
operation of the system. 
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METHOD AND SYSTEM FOR A REMOTE FIG. 1 is a pictorial representation of a data processing 

NOTIFICATION SERVICE FOR A MULTI- system which may be utilized to implement a method and 

USER SERVER ARCHITECTURE system of the present invention; 

FIG. 2 is a diagram illustrating a Notification Directory in 

HELD OF THE INVENTION s accordance with the present invention; 

This invention relates in general to computer software, FIG. 3 illustrates how the Multi-User Server delivers 

and in particular to a method and system for remote notifi- events to Listener objects in accordance with the present 

cation services for a multi-user server architecture. invention; 

FIG. 4 is a table illustrating a list of Multi-User Server 

BACKGROUND OF THE INVENTION » ^^^^ events in accordance with the present inven- 

Multi-user applications such as chat rooms (voice/text), ^on; 

virtual worlds, and adventure games such as Multi-User FIG. 5 illustrates Command Objects in accordance with 

Dungeon (MUDs) generally employ proprietary client- the present invention; 

server technologies. To turn Web sites into communities that 15 FIG. 6 illustrates the integration of the Notification Direc- 

are accessible and offer immersive experiences for the tory and Command Objects with an Object Request Broker 

end-user, designers have developed customized browsers, (ORB) in accordance with the present invention; and 

servers, and tightly integrated development, debugging, and nc ? ilhlstrates ^ c dclivcry of Multi-User Server events 

monitoring tools. In particular, each system has its own to remote cHems m accordance ^ ^ present iDve ntion. 

architectural design and intimate GUI. There is currently no 20 

standard system that can be employed to provide general DETAILED DESCRIPTION OF THE 

purpose services and tools without tightly integrating with a INVENTION 
particular browser/server implementation. 

0 , . . , . j Referring to FIG. 1, there is depicted a graphical repre- 

Several companies provide proprietary services today on . t - c a * • * o if ■ L ■ 

.u t . * ttT - * « -.u scntation or a data processing system 8, which may be 

the Internet. These prior art systems are monolithic, with a 25 , , . , ... . . • * . J 

a , . c K. L1 J . - . I utilized to implement the present mvention. As may be seen, 

fixed concept of available services. Consequently, changing j4 . * © • 1 j 1 i-. I 

■ /• » 1 JrT m, • 11 • *u ftu data processing system 8 may include a plurality of 

mese services M .e oots ana out; typicuiy reqmres mat me net 

as Local Area Networks (LAN) 10 and 32, 

server source code be modified and, at a minimum, that the , c L - L * i_i • 1 j 1 V* c ■ j- -j \ 

t . . , * • each of which preferably includes a plurality of individual 

server environment be stopped and then restarted. Such prior 4 , <* n ^ ^ r£ 1L , . 

. , , - rr . 0 „ irf ™ computers 12 and 30, respectively. Of course, those skilled 

art systems include, for example, the Run-nme Infrastruc- 30 . * ^ ... ' * t / ri ' n . , 

* A)Tn f *u v- u t 1 a U-* /m A \ c m mc art will appreciate that a plurality of Intelligent Work 

ture (KYI) for the High-Level Architecture (HLA) for c , r nwc\ ^ a * u * C j 

~ c v c . , Li- l j u *l r\ r xm J 1- Stations (IWS) coupled to a host processor may be utilized 

Defense Simulations, as published by the Defense Modeling . u u * ioum * 1 1 

a c- 1 ** r\m /nfwcrv* tu w ■ i j f° r eacD sucn network. Each said network may also consist 

and Simulation Office (D MS 0). The result is one large and f , ... c 1 j • ■ 

1 xm u- u • c * • iL . 01 a plurality of processors coupled via a communications 

complex API which is very focused, i.e., all or nothing. \ u a u j * 

r ' 35 mecuilin > sucn as shared memory, shared storage, or an 

SUMMARY OF THE INVENTION interconnection network. As is common in such data pro- 
cessing systems, each individual computer may be coupled 

The present invention relates to a method and system for to a storage device 14 and/or a printer/output device 16 and 

designing an optimized multi-user server architecture for may be provided with a pointing device such as a mouse 17. 

a^seminating a variety of real-time application data, such as ^ dala processing system 8 may aIso iDciude multiple 

audio, video text and motion, while supporting general- mainframc compu tcrs, such as mainframe computer 18, 

purpose tools including an externally supplied GUI. The which may be preferably ^vplcd to LAN 10 by means of 

present mvention allows the idea of providing a server communications link 22. The mainframe computer 18 may 

system that enables the end purchaser to write a custom user ^ be coupled to a sto device 20 which serve ^ 

interface, develop new external tools, and reuse existing remote stQrage for lan m Similarl lan 10 may b e 

tools. FmaUy, the present invention allows these tools and cou led via communications link 24 through a sub-system 

GUI to be started and stopped without interrupting the control umVcommunications controller 26 and communica- 

server's execution. tions ^ 34 to a gateway server 28. The gateway server 28 

Under this design, the server registers a set of event is preferably an IWS which serves to link LAN 32 to LAN 

notification interfaces with a public name server. Software 5Q 10. 

tools locate these notification interfaces, register themselves With respect to lan 32 and LAN 10, a plurality of 

with these notifiers, and operate by receiving events gener- documents or resource objects may be stored within storage 

ated by the server. Through a similarly accessed command device 20 and controlled by mainframe computer 18, as 

interface, software tools can initiate commands or opera- resource manager or library service for the resource objects 

tions on the running server. In this way, tools can be 55 thus stored. Of course, those skilled in the art will appreciate 

executed independently of the server, even on remote mat mam f rame computer 18 may be located a great geo- 

machines across a network. graphic distancc from ^ 10 aQd similarly> lan 10 may 

These and other features, aspects, and advantages of the be located a substantial distance from LAN 32. For example, 

present invention will become better understood with refer- LAN 32 may be located in California while LAN 10 may be 

ence to the following description, appended claims, and 60 located within North Carolina and mainframe computer 18 

accompanying drawings. may be located in New York. 

BRIEF DESCRIPTION OF THE DRAWINGS So P^ <* de * hich cra P lo y s the P™** mven- 
tion is typically stored in the memory of a storage device 14 

For a more complete understanding of the present inven- of a stand alone workstation or LAN server from which a 

tion and for further advantages thereof, reference is now 65 developer may access the code for distribution purposes, the 

made to the following Detailed Description taken in con- software program code may be embodied on any of a variety 

junction with the accompanying drawings, in which: of known media for use with a data processing system such 



09/26/2002, EAST Version: 1.03.0002 



5,920,692 

3 4 

as a diskette or CD-ROM or may be distributed to users from local Java RMI (Remote Method Invocation, SUN96) name 
a memory of one computer system over a network of some server. Consequently, applications and tools can bind to a 
type to other computer systems for use by users of such other remote Notification Directory and, therefore, register to 
systems. Such techniques and methods for embodying soft- receive events dispatched from the Multi-User Server. Hus 
ware code on media and/or distributing software code are 5 remote notification capability allows stand-alone, event- 
well-known and will not be further discussed herein. driven applications to integrate with the Multi-User system. 

Referring to FIG. 2, to encapsulate the ability to provide In . thc Purred embodiment of the present invention, 

information to the GUI and provide other external tools, a ^plications and tools can invoke methods provided by the 

, ■ j j *u u ki >•£ Notification Directory to access Command Objects, and, 

general notification service is provided through a No tinea- t . , . , J , . \ u ^ x u .' 

?■ r^- ™n, ™_ xt . £ . , nn • m therefore, lmtiate commands and operations on the Multi- 

tion Directory 200. The Notification Directory 200 is an 30 IJger Ser ^ er 

object which exposes an interface through which software n e . ' ™„ , t 4 . . - „ 

J . *\ ■ ^ *u • • * * • • Referruig to FIG. 6, the solution is as follows: 

agents may renter or unregister their merest m various 1} A u ^ xt Seive ' r m re ^ ters its Notification Direc . 

server events by providing an object implementing a par- ^ 4Q1 ^ a local ^ RB ( bject t broker) 

Ucular Listener interface. Each Listener interface allows one m Fof examplei using Java RMI, as indicated by line 412: 

object to call into another by defining a set of well-known is java . rmi . Naming . rebindC < rmi://servernostDame/ 

methods. For example, the Java Bean event framework services", notificationDirectory); 

[SUN96] provides a standard structure for defining such ^ enab ] e s remote applications to query and call the event 

event interfaces in the Java programming language. The registration/unregistration services and obtain references to 

Notification Directory 200 maintains a set of Notifier 204 ^ c ommanc j Objects 

objects. For each Listener interface type, a Notifier 204 2 ) A Monitoring Tool 404 or Control Tool 408 looks up the 

manages a list of Listener 202 objects that have been server Notification Directory 401 services via the ORB 402. 

registered through the Notification Directory. When a Lis- Fof example> using Java Rm> ^ indicated by lines 414 and 

tener 202 registers with the Notification Directory 200, it is ^g. 

added to the list maintained by the Notifier 204 for the VT . . £ . . . . . . ^ . . ~ . 

- 4JT -* . - ( NotificationDirectory notificationDirectory** 

associated Listener type. 25 ' . ' 

Jt (No tincationDirectory)java.rmi. Naming. lookup 

FIG. 3 illustrates the procedure by which the Multi-User . ("^m^://serverhostname/services ,, ); 

Server delivers events to a set of registered Listener objects. 3) ^ Monitoring Tool 404 registers the events it is inter- 

The server 501 software quenes the Notification Directory ested in by sup pi yia g appropriate Listener objects. For 

500 for the Notifier 502 corresponding to the Listener type examp i e , using Java, as indicated by line 416: 

for the event to be generated. The server 501 then delivers 30 ^.-f..-^,-.-. ..^-.^t-..^, , 

the event 503 to the Notifier 502. The Notifier 502, in turn, (i^SSS' 

delivers the Event 503 to the particular Listener 504 object The Multi . User Server m ^ xnds even(s l0 Monitoring 

Director 500 eeD PreY10USly regIStered V '* the NotlflcalIOD Tools, as exemplified by Monitoring Tool 404. Therefore, 

Ir c or ^ ' 35 the monitoring tools do not need to run in the same address 

FIG. 4 illustrates one example of a list of Multi-User space as the Multi-User Server 400. In fact, monitoring tools 

Server system-wide events. These notifications allow appli- may ^ on a sep arate physical machine, 

cations and tools to capture and respond to actions within the 4 ) A Control Tool 408 queries the Notification Directory 401 

server environment. For example, a load monitor that mea- to obtain a re f e rence to a Command Object 410. The tool can 

sures packet rates, bandwidth utilization, latency, and data then initiate commands ^ operations on the Multi-User 

queuing delay can be implemented. Additional tools to Servert For cxamp ic, j„ j ava , as indicated by line 420: 

provide statistics gathering and analysis and visualization of CommandObject commandObject- 

nou^catio^ns' ^ ^ ^ ^ notificaUonDirectory.getCommandObject( ); 

. * commandObject.performCommand( ); 

Refernng to FIG. 5, to encapsulate the ability to control 45 ^ qrb instructions for providing a port connection to 

the Multi-User Server from the GUI and other external tools, ^ Multi _ Uscr Server, Notification Directory, or Command 

one or more Command Objects 800 are provided by the 0b j ects ^ not claime d as the unique aspect for this 

server 802. A Command Object 800 is an object which ^ cXosur&> ^ remote objec t services are well-established in 

exposes an interface through which software tools/ tbe pr j or art 

applications 803 may execute commands or operations to 5Q Referring next to FIG. 7, the Notifiers 601 maintain direct 

control the server 802. network object references corresponding to registered Lis- 

The remote notification and command capabilities are teners 602. As a result, the server 600 can deliver events to 

used herein to enable the aforementioned applications and Listeners without accessing the ORB name services. Thus, 

tools to interoperate with a server running on a remote host. the process of enabling direct delivery of events to Listeners 

For example, these remote notifications and commands 55 ^ enabled for optimum efficiency. 

enable remote debugging and system management tools. As Although the present invention has been described with 

an extreme example, the server GUI is simply a tool that respect to a specific preferred embodiment thereof, various 

retrieves information through these exposed notifications changes and modifications may be suggested to one skilled 

and initiates operations on the server in response to user m the art and it is intended that the present invention 

m P ut - 60 encompass such changes and modifications as fall within the 

The remote notification and command services enable scope of the appended claims, 

external tools, applications, and GUIs to be started and We claim: 

stopped without shutting down the server. This feature is 1. A method of providing a remote notification service 

particularly powerful because it enables debugging and compatible with a plurality of listener interface types, com- 

monitoring without interrupting existing users. 65 prising the steps of: 

In the preferred embodiment of the present invention, the requesting registration of a listener having an associated 

Multi-User Server registers the Notification Directory in the one of the plurality of listener interface types and 
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having an interest in notification of at least one event by 
requesting registration from a notification directory; 

receiving at the notification directory the registration 
request of the listener; 

associating the listener with a corresponding notifier S 
object associated with the listener interface type of the 
listener so as to register the listener with the corre- 
sponding notifier object; 

distributing notification of events having associated lis- 10 
tener interface types to notifier objects corresponding to 
the listener interface types associated with the events; 
and 

wherein the notifier object provides notification of events 
to registered listeners utilizing the listener interface 15 
associated with the notifier object. 

2. The method of claim 1, wherein said step of requesting 
registration further comprises: 

providing a listener object to the notification directory 
containing at least one listener as a desired recipient of 20 
notification of said at least one event, wherein the 
listener object utilizes the associated one of the plural- 
ity of listener interface types. 

3. The method of claim 2, further comprising: 
receiving notification of said at least one event at said 25 

listener object. 

4. The method of claim 1, further comprising the step of: 

providing command objects for controlling a server to 
listeners registered with the notification directory so as 30 
to allow listeners registered with the notification direc- 
tory to initiate commands on the server. 

5. The method of claim 4, further comprising the steps of: 

registering the notification directory with an object 
request broker so as to allow listeners to locate com- 35 
mand objects; 

locating a command object associated with the notifica- 
tion directory utilizing the object request broker; and 

initiating a remote command through said command 
object so as to control the server. <*o 

6. A system for providing a remote notification service 
compatible with a plurality of listener interface types, com- 
prising: 

means for requesting registration of a listener having an 
associated one of the plurality of listener interface types 45 
and having an interest in notification of at least one 
event by requesting registration from a notification 
directory; means for receiving at the notification direc- 
tory the registration request of the listener; 

means for associating the listener with a corresponding 50 
notifier object associated with the listener interface type 
of the listener so as to register the listener with the 
corresponding notifier object; 

means for distributing notification of events having asso- 
ciated listener interface types to notifier objects corre- 55 
sponding to the listener interface types associated with 
the events; and 

wherein the notifier object provides notification of events 
to registered listeners utilizing the listener interface 
associated with the notifier object. 60 

7. The system of claim 6, wherein said means for request- 
ing registration further comprises: 

means for providing a listener object to the notification 
directory containing at least one listener as a desired 
recipient of notification of said at least one event, 65 
wherein the listener object utilizes the associated one of 
the plurality of listener interface types. 



8. The system of claim 7, further comprising: 

means for receiving notification of said at least one event 
at said listener object. 

9. The system of claim 6, further comprising: 

means for providing command objects for controlling a 
server to listeners registered with the notification direc- 
tory so as to allow listeners registered with the notifi- 
cation directory to initiate commands 00 the server. 

10. The system of claim 9, further comprising: 

means for registering the notification directory with an 
object request broker so as to allow listeners to locate 
command objects; 

means for locating a command object associated with the 
notification directory utilizing the object request bro- 
ker; and 

means for initiating a remote command through said 
command object so as to control the server. 

11. A computer program product recorded on computer 
readable medium for providing a remote notification service 
compatible with plurality of listener interface types, com- 
prising: 

computer readable means for requesting registration of a 
listener having an associated one of the plurality of 
listener interface types and having an interest in noti- 
fication of at least one event by requesting registration 
from a notification directory; means for receiving at the 
notification directory the registration request of the 
listener; 

computer readable means for associating the listener with 
a corresponding notifier object associated with the 
listener interface type of the listener so as to register the 
listener with the corresponding notifier object; 

computer readable means for distributing notification of 
events having associated listener interface types to 
notifier objects corresponding to the listener interface 
types associated with the events; and 

wherein the notifier object provides notification of events 
to registered listeners utilizing the listener interface 
associated with the notifier object. 

12. The program product of claim 11, wherein said 
computer readable means for requesting registration further 
comprises: 

computer readable means for providing a listener object to 
the notification directory containing at least one listener 
as a desired recipient of notification of said at least one 
event, wherein the listener object utilizes the associated 
one of the plurality of listener interface types. 

13. The program product of claim 12, further comprising: 
computer readable means for receiving notification of said 

at least one event at said listener object. 

14. The program product of claim 11, further comprising: 
computer readable means for providing command objects 

for controlling a server to listeners registered with the 
notification directory so as to allow listeners registered 
with the notification directory to initiate commands on 
the server. 

15. The program product of claim 11, further comprising: 
computer readable means for registering the notification 

directory with an object request broker so as to allow 
listeners to locate command objects; 

computer readable means for locating a command object 
associated with the notification directory utilizing the 
object request broker; and 

computer readable means for initiating a remote com- 
mand through said command object so as to control the 
server. 
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